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THE CRYSTALLINE STRUCTURE OF MELANIN, KERATIN
AND COLLAGEN*
EMIL MEIROWSKY, MI).
While a crystalline structure of melanin, keratin and collagen has been sug-
gested on the basis of Roentgen-ray diffraction (1, 2, 3, 4), the crystals have
never been demonstrated. It is the purpose of this communication to establish
the crystalline nature of these substances by direct visualization.
Roentgen-Ray Diffraction
Roentgen-ray diffraction as a scientific method was introduced by the German
physicist, von Laue, in 1912. The method is based on the diffraction of Roent-
gen rays from planes of atoms which produce patterns on a recording photo-
graphic film. Darkening or fogging of the film indicates the amorphous nature of
material under examination. The pattern of a broad circular halo or halos points
to an orderly arrangement of atoms and molecules, indicating that the material
is crystalline. The principal value of Roentgen ray diffraction lies in the differ-
entiation of amorphous and crystalline substances, and in the differentiation of
single and aggregate crystals. It also permits classification within the crystal-
lographic system. (2, 3, 4) In many instances it is possible to calculate the size
and arrangement of atoms in the specimen according to mathematical formifias
(3). While the differentiation between amorphous and crystalline structures does
not present any difficulty, evaluation and calculation of the patterns must
remain the domain of specialists.
Polarization
Polarization permits visualization of structural features which cannot be
demonstrated with the ordinary microscope. As early as 1876, Unna described a
black "frame" which can be seen in every section of the human sole that has
been fixed in osmium tetroxide or in Flemming's solution (5). In the ordinary
microscope this frame envelops an empty space. Polarization, however, reveals
that the "empty" area is filled out with normally arranged very thin horn
fibers. (6)
The many forms of collagen degeneration may result in a breakkown of con-
nective tissue fibers. These fibers become attenuated, unstainable and f rag-
mented. The polarization microscope demonstrates these fibers in their entire
length. Crystals which cannot be visualized in the ordinary microscope, appear
as luminous structures in great numbers in connective tissue fibers. (Fig. IV, B).
Birefringent nuclei in malignancies and in lichen planus can be visualized only
* From the Surgical Experimental Laboratories of the Indiana University Medical
Center. Aided by a grant from the Indiana Elk Association and the Felix Pinkus Memorial
Fund.
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FIG. I. Reproduced with permission: Spiegel-Adolf, M. and Henny, G. F., X-Ray Dif-
fraction Studies in Biology and Medicine. (3)
by polarization (6). Many analogous observations have been made in the course
of the present study.*
Ultrasonic Waves
Ultrasonic waves are capable of breaking up long-chain molecules (7, 8). The
application of ultrasonic waves to melanin granules results in their liquefaction
and transformation into crystals. Ultrasonic waves have an accumulative effect
(7) which manifests itself weeks after irradiation by an increase of crystalline
structures. t
Hydrogen Peroxide
The crystalline structure of melanin, keratin and collagen can be demon-
strated following application of six per cent hydrogen peroxide. The transforma-
tion into crystals requires days or weeks.
MELANIN
The first stage of a successful experiment with ultrasonic waves is the lique-
faction of melanin. This liquefaction manifests itself by coloring of the distilled
water in which the material is suspended. Microscopically this process is char-
acterized by lakes of brownish, blackish or yellowish color (Fig. II, B). Crystal-
line structures appear at the borders of these lakes and inside of them. They
* Polarization of the entire material presented in this paper has been carried out with
Polaroid set No. 75, Pioneer Scientific Corporation, Great Neck, New York.
t The ultrasonic apparatus, used for the experiments presented in this paper, was con-
structed by II. A. Crawford, Electronic Engineer, Department of Surgery, Indiana Uni-
versity Medical School, Indianapolis, Indiana.
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FIG. II. A. Melanin, cow's choroid. Three-minute exposure to ultrasonic waves. Mel-
anin transformed into large and small crystals, X660. B. Lake of liquefied melanin with
crysta's, X660. C. Protomers. Dark center represents color under polarization, X1530. D.
Individual protomer. Two smooth surfaces indicate crystalline structure. Dark center
represents color phenomenon under polarization, X1530.
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are of different sizes. The larger structures show the characteristic surface of
crystals (Fig. II, A), the smaller ones show only one or. two smooth surfaces
resembling crystals (Fig. II, E, D). These barely perceptible primary structures
originate from solid or liquefied melanin and are best defined by the term pro-
tomer.
In the second stage of development the number of 'lakes' decreases with a
simultaneous increase of polarizable particles.
In the third stage, lakes can be found only occasionally. Aggregates of tiny
corpuscles and innumerable crystals, showing a beautiful color display, replace
these lakes gradually. Their average size is micron, however, barely percepti-
be structures also occur. While determining the size of the smallest particles
in the electron microscope, most of the crystals melted under the heat of the
electron bombardment. Those which resisted averaged .25 micron.
A certain number of melanin granules withstands liquefaction. The center of
those granules frequently becomes birefringent and polarizable.
Discussion
With the exception of Sagitta setosa (9), normal and dissolved melaninsdo not
have the property of birefringence or polarizability.
Roentgen-ray diffraction patterns of different melanins have been carried out
by Dr. Mona Spiegel-Adolf and her associates (3, 10, 11, 12, 13, 14). The patterns
of genuine melanin (sepia, various human tumors, melanin of mouse melanoma)
and of synthetic melanins (tyrosine, tryptophane, phenylalanine) consist of one
or two rings. The x-ray diffraction pattern of choroid melanin obtained from the
cow is the same as that described by Dr. Mona Spiegel.* The pattern of mouse
melanoma is illustrated in figure I. The evaluation of the nuclear patterns by
these authors approximates that of proteins by Astbury (3). This is significant
inasmuch as melanin is a protein (15, 16, 16a) containing 20 per cent nucleic
acid (17). Roentgen-ray patterns of nucleo-proteins of liver and certain viruses
confirm their crystalline nature. (3). It remains to be seen whether these findings
will have a bearing on the much-discussed problem of the origin of melanin
from the nuclear mass.
The phenomena described in this report, can so far only be produced by the
impact of supersonic waves or hydrogen peroxide inasmuch as distilled water,
used for the suspension of the granules, has no dissolving effect on me'anin
granules.
KERATIN
Inoculation of the chorioallantois with filtered and unfiltered scrapings from
keratosis follicularis produces macroscopic and microscopic pathological changes.
(Fig. III, A, B) Microscopically the resulting foci consist of cornified epithelial
* This examination was conducted by Dr. W. P. Fishel, Department of Chemistry,
Vanderbilt University Hospital, Nashville, Tennessee.
j Reproduced by courtesy of Dr. Spiegel-Adolf.
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FIG. III. A. Chorioallantois lesion, produced by unfiltered sediment of minced material
of Darier's disease. B. Chorioallantois lesion, produced by filtered material of Darier's
disease. Second passage. C. Individual horn cell with crystals, X1500. D. Filtered human
specimen of Darier's disease. Electronmicrophotograph, X18.450. E. Magnification of two
protomers, illustrated in III, G. Dark parts represent color under polarization, X1803.
F. Crystals in cornified cells of epithelium of allantois inoculated with filtered Darier's
lesion, X900. G. Human corn, exposed to ultrasonic waves for five minutes, X900. H. Filed
human nails, exposed to 6% hydrogen peroxide for two months. Light rhomboid crystals
are polarized. Gray rhomboids show varying degree of birefringence. Crosshatched rhom-
boids exhibit the areas of color phenomenon under polarization, X720.
cells which have a different appearance than those observed in Bowen's disease.
(18) Crystals can be found in individual cornified cells (Fig. III, E) and be-
tween them (Fig. III, F)
The application of ultrasonic waves for a period of five minutes to scrapings of
human corns results in the appearance of innumerable hirefringent particles
(Fig. III, G). Many of these particles exhibit the color phenomenon under
polarization (Fig. III, E).
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Examination in the electron microscope of the filtered supernatant of scrap-
ings of keratosis follicularis also reveals crystals measuring 8 by 5 microns.
(Fig. III, D)
Six per cent hydrogen peroxide has the property of breaking up horn fibrils
into fragments of various size revealing so far unobserved structural changes
(6). Treatment of psoriasis scales, filed human nails and human corn with hy-
drogen peroxide produces individual and aggregate protomers. Rhomboid
crystals of varying degree of birefringence manifest themselves mainly in filed
nails. (Fig. III, H) Unna's 'Leitkoerper' of cornification (19), cystine, cysteine,
sulfur, tyrosine and tryptophanem, are not listed as crystals by Wyckhoff (20).
It remains to be seen whether the rhomboid crystals belong to Unna's 'Leit-
koerper'.
COLLAGEN
In the second passage of filtered material of keratosis follicularis, destruction of
part of the mesenchym occurs; polarizable crystals take its place. The same
phenomenon can be demonstrated on the chorioallantois of the embryonal egg
in a 7th passage of Duhring's disease (Fig. IV, A). It also occurs in some pas-
sages of lupus erythematodes and Bowen's disease.
Protomers of the same morphological features as in melanin and keratin can
be found in certain human skin diseases. Sections of a basal cell carcinoma com-
plicated by amyloidosis* may serve as an illustrative example: Connective tissue
fibers in these sections seemed to be destroyed when examined with the ordinary
microscope. Polarization, however, showed these fibers distinctly in their entire
outline. Crystals appeared in the thinnest, unstained portion of such a fiber.
Morphologically these crystals were the same as those described in melanin,
keratin and collagen, showing the same color phenomenon. They were present
in six successive sections. The thickness of each section was estimated about 7
microns, meaning that an area of approximately forty-two square microns had
undergone "crystalline degeneration". (Fig. IV, B) Many connective tissue
fibers contained highly birefringent bodies.
In examining connective tissue obtained from tendons, gelatin and leather,
birefringence and polarization cannot be demonstrated in all fibers. Whenever
present, the fibers exhibit these properties by the usual color display and by the
characteristic arrangement of polarized areas. Narrow gaps separate individual
polarized areas resembling a mosaic. The latter consist of quadrangles, triangles
and parallelograms of varying sizes. In these gaps protomers appear in great
numbers. (Fig. IV, C) Thousands of protomers are contained in occasional
dilatations of a fiber. (Fig. IV, D) They can also be found in large numbers out-
side the fibers.
These observations indicate that protomers originate in, and are produced by,
the connective tissue fibers. Pathological or experimental decomposition of
fibers results in liberation and dispersion of the protomers.
* Courtesy Dr. H. Pinkus, Monroe, Michigan.
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DISCUSSION
The definition of protomers as crystals requires further discussion. In his
standard text book on Mineralogy (21) Salisbury emphasizes that substances
lacking external crystal forms should be defined as crystals whenever a definite
molecular structure is demonstrable. All protomers are strongly birefringent. The term
birefringence refers to a definite molecular structure, a high degree of orientation of
atoms and the presence of oriented swarms of minute crystals (22). By Salisbury's
definition, then, protomers are genuine crystals.
The understanding of protomers can be supplemented and enhanced by special
staining methods, roentgen-ray diffraction, crystallographic and mathematical
studies. Protomers may be composed of individual crystals or aggregates; they
may consist of one or several chemical compounds. Ultimately it may be possible
to calculate the size of the atoms in melanin, keratin and collagen.
SUMMARY
1. The crystalline structure of melanin, keratin and collagen has been demon-
strated by polarization, ultrasonic waves and application of hydrogen peroxide.
2. The crystals of melanin, keratin and collagen have been identified cy-
tologically as primary structures and have been designated protomers.
3. A more profound understanding of the nature of protomers can only be
gained by future studies in the fields of biochemistry, physics and mathematics.
The assistance of Dr. John Dalton and his staff, and of Dr. A. Dryer, Dr. D. Bowman
and Dr. E. B. Smith is gratefully acknowledged. Mr. E. Roth and Mr. K. Wust have carried
out the Electronmicrophotography. Mr. J. F. Glore and Mr. W. Gillette (Nashville) have
prepared the microphotographs. Mr. R. A. Crawford has performed the experiments with
ultrasonic waves.
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DISCUSSION
DR. ALFRED HOLLANDER (Springfield, Mass.): I would like to ask Dr. Mei-
rowsky, if his findings can be correlated with Naegeli's micelle theory. It means
that all living structure is based on submicroscopic crystals. This theory was
advanced in 1858 by a German botanist.
DR. PETER FLESCH (Philadelphia, Penna.): I would like to ask what sort of
material was used for melanin. I don't know of any method for the extraction
of melanin which dissolves melanin alone without some other tissue component.
DR. EMIL MEIROwSKY (in closing): The theory of the micelle as primary
structure of all living matter has been debated for almost 100 years. It was
first proposed in 1858.
I should like to quote two outstanding investigators. The German zoologist,
Schmidt, is a proponent of Naegeli's micelle theory. He feels that the presence
of sub-microscopic, birefringent, orderly arranged atoms is established. The
distinguished American biologist, G. L. Clark, does not believe that a micelle
exists. Instead he accepts the presence of macromolecules, which are of crystal-
line nature and which are one million times larger than the suggested micelle.
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The protomers which I have just demonstrated, are visible in the ordinary
microscope and are also sub-microscopic. It is my opinion that protomers are
the same as Naegeli's micelles and Clark's macromolecules, representing a
primary structure of living matter.
As to the question about the material which I have used, I have carried out
my experiments with melanin of the choroid of cows, dogs, monkeys, cats and
rabbits.
